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PURPOSE. Mechanisms by which visual impairment (VI) increases mortality risk are poorly understood. We estimated the direct and indirect effects of self-rated VI on risk of mortality through mental well-being and preventive care practice mechanisms.
METHODS. Using complete data from 12,987 adult participants of the 2000 Medical Expenditure Panel Survey with mortality linkage through 2006, we undertook structural equation modeling using two latent variables representing mental wellbeing and poor preventive care to examine multiple effect pathways of self-rated VI on all-cause mortality. Generalized linear structural equation modeling was used to simultaneously estimate pathways including the latent variables and Cox regression model, with adjustment for controls and the complex sample survey design.
RESULTS. VI increased the risk of mortality directly after adjusting for mental well-being and other covariates (hazard ratio [HR] ¼ 1.25 [95% confidence interval: 1.01, 1.55]). Poor preventive care practices were unrelated to VI and to mortality. Mental well-being decreased mortality risk (HR ¼ 0.68 [0.64, 0.74], P < 0.001). VI adversely affected mental well-being (b ¼ -0.54 [-0.65, -0.43]; P < 0.001). VI also increased mortality risk indirectly through mental well-being (HR ¼ 1.23 [1.16, 1.30] ). The total effect of VI on mortality including its influence through mental well-being was HR 1.53 [1.24, 1.90] . Similar but slightly stronger patterns of association were found when examining cardiovascular disease-related mortality, but not cancer-related mortality.
CONCLUSIONS. VI increases the risk of mortality directly and indirectly through its adverse impact on mental well-being. Prevention of disabling ocular conditions remains a public health priority along with more aggressive diagnosis and treatment of depression and other mental health conditions in those living with VI. (Invest Ophthalmol Vis Sci. 2012;53:2685-2692) DOI:10.1167/iovs. A number of studies have shown a relationship between visual impairment (VI) and increased risk of mortality. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Visual impairment is associated with psychosocial conditions including social isolation, 13, 14 cognitive impairment, 15 increased dependency on others, 16, 17 poor self-rated health, 1, 14 and depression. 18 Poor vision in older adults has a greater impact on overall mental health than stroke and heart attack. 19 Several studies have attempted to clarify the mechanisms and pathways explaining the association between VI and increased mortality. Christ and associates 20 found self-reported VI affected mortality through general health and disability mechanisms among participants of the National Health Interview Survey. Karpa and colleagues 21 reported disability in walking as a major indirect pathway between VI and increased mortality in persons age 49 years and older in the Blue Mountain Eye Study. Freeman and coauthors 22 found insufficient evidence to conclude that depressive symptoms mediate the relationship between VI and increased mortality risks in participants age 65 years and older in the Salisbury Eye Evaluation Project.
The influence of a broader morbidity indicator, such as mental well-being, on the relationship between VI and increased mortality has not been examined. Lower mental well-being is associated with increased risk of mortality. 23 Mojon-Azzi and colleagues 24 analyzed mental well-being indicators in persons aged 50 years and older using data from the 2004 Survey of Health, Ageing, and Retirement in Europe (SHARE) and found self-reported low vision was associated with lower psychological well-being. Although related to depression, overall psychological well-being is a broader indicator of self-rated or perceived psychosocial mental health.
Another unexamined mechanism that potentially contributes to the relationship between VI and mortality is poor compliance with preventive health care guidelines such as routine physical examinations. Numerous investigators have found factors such as sociodemographic status and levels of psychological distress influence preventive care behaviors. [25] [26] [27] [28] Preventive care practices are likely to lower the risk of mortality, but to our knowledge, the association between general preventive care practices and risk of mortality has not been examined adequately. Also, to date it is unknown if preventive health behaviors vary as a function of VI status and ocular conditions. Constructs such as mental well-being and preventive care behavior can be modeled effectively using structural equation modeling (SEM), which permits the estimation of constructs free of random measurement error. 29 This protects against biased associations owing to correlated measurement error in observed measures. With few exceptions, the application of SEM to examine the association between VI and mortality has been infrequently applied in the literature. 20, 21 In addition to estimating mental well-being and preventive practices without random measurement error, our SEM model allows simultaneous estimation of mediation pathways such as between VI and mental well-being, preventive care practice, and risk of mortality.
The purpose of the study is to use SEM to examine the relationship between vision and mental well-being, preventive care, and mortality by estimating the direct and indirect effects of self-rated VI on mortality through mental well-being and preventive care.
METHODS

Study Population and Design
This study included participants age 18 years and older from the 2000 Medical Expenditure Panel Survey (MEPS). The MEPS is a nationally representative subsample of the National Health Interview Survey (NHIS), a continuous multipurpose and multistage area probability survey of the US civilian noninstitutionalized population living at addressed dwellings. 30 MEPS participants age 18 years and older were linked with the National Death Index (NDI) through December 31, 2006 , via its linkage with NHIS. 31 The present analysis included 12,987 participants with complete data.
Assessment of VI
Participants were asked a set of VI questions. Their answers were summarized into a five-category VI status variable: 1, No difficulty seeing; 2, Some difficulty seeing, can read newsprint; 3, Some difficulty seeing, cannot read newsprint, can recognize familiar people; 4, Some difficulty seeing, cannot read newsprint, cannot recognize familiar people but is not blind; 5, Blind. Initially, participants falling into categories 2 through 4 were combined into one single category designated as ''Some VI,'' 30 resulting in a three-category-ordered VI measure: no VI, some VI, and Blind. Because of the small sample size of the ''Blind'' group, with only 48 participants and 0.4% of study population, category 5 ''Blind'' was pooled together with ''Some VI'' to form the group ''Any VI,'' resulting in a two-category dichotomized VI measure: No VI versus Any VI. The model that used the two-category VI variable fit the data better than the model using the three-category VI variable, based on Akaike Information Criteria and Bayesian Information Criteria testing. 32 Therefore, VI was treated as a twocategory variable in all the final models.
Latent Variables
Latent variables are unobserved variables measured as a function of multiple observed indicators. 29 The multiple observed indicators are optimally combined into a composite representing the latent variable, and random measurement error is estimated separately from the latent variable, thereby improving the measurement quality of data. Two such variables were used for the current study: mental well-being and preventive care.
Mental well-being was analyzed as a latent variable with five indicators. Each indicator was derived from one of the following questions: 1, ''How much of the time during the past 4 weeks have you felt calm and peaceful?'' 2, ''How much of the time during the past 4 weeks have you felt downhearted and blue?'' 3, ''How much of the time during the past 4 weeks did you have a lot of energy?'' 4, ''Problems with anxiety/depression: no problem, some problem, major problem?'' 5, ''Perceived mental health status: poor, fair, good, very good, excellent?'' Questions 1 to 3 were from the mental component measure of the SF-12, 33 and possible answers were as follows: none of the time, a little of the time, some of the time, good bit of time, most of time, all of the time. Question 4 was from the mental status domain of the EuroQol 5-D. 34 Question 5 was a self-rated mental health measure. Data were recoded such that higher values indicated better mental well-being. These indicators measured different aspects of mental wellbeing and combined well as a latent variable based on model fit statistics reported below.
Preventive care was analyzed as a latent variable with three indicators: 1, ''About how long since last blood cholesterol check by a doctor or health professional?'' 2, ''How long since last routine checkup by doctor or other health professional for assessing overall health?'' 3, ''How long since last flu shot?'' Possible answers to these three questions were as follows: within past year, within past 2 years, within past 3 years, within past 5 years, more than 5 years, or never. Each question was selected from the preventive care questions of MEPS 2000. 30 These preventive care measurements were chosen because they are applicable to all adults 18 years and older, and are not sex specific. These three questions combined well, with a higher value indicating worse preventive care status.
The variance of latent variables was fixed at one, so that the distribution was standardized as a normal distribution with mean of zero and standard deviation (SD) of 1. The effect estimates for relationships with latent variables were presented in terms of SD units, which may be interpreted as effects sizes comparable with Cohen's D. 35 Most consider 0.20 and lower as a small effect, approximately 0.50 as a moderate effect, and 0.80 or higher as a large effect size. 35 
Covariates
Several social demographic and health behavior variables that affect mortality were included in the model as controls: age in years (range 18-90), sex (male reference), a three-category racial identity variable (white [reference], black, other races), smoking status at time of interview (nonsmoker [reference]), health insurance status (private insurance [reference], public only insurance, no insurance), and education in years (range 0-17). To protect privacy, MEPS coded all participants age 90 years or older as age 90 years; there were 62 (0.48%) participants who fell into this category.
Cause of Death
Cause of death information was obtained from National Death Index through linkage with NHIS. The underlying cause of death was determined by Underlying Cause of Death 113 Groups (ucod_113), which follows the ninth revision of the International Statistical Classification of Diseases, Injuries, and Causes of Death (ICD-9). 36 Our study examined all-cause mortality, cardiovascular-related mortality (ucod_113 code 053-075), and cancer-related mortality (ucod_113 code 019-043).
Analysis
Descriptive and model-based analyses were completed with adjustments for sample weights and design effects using SAS 9.2 (SAS Institute Inc., Cary, NC) 37 and Mplus 6 statistical packages 38 (Muthen & Muthen, Los Angeles, CA), respectively.
The latent variables were evaluated first as a submodel and subsequently used in the full SEM model, which served as a starting point for our analysis (Fig. 1) . The confirmatory factor analysis of the two latent variables, mental well-being and preventive care, fit the data well. The model fit indices were as following: comparative fit index (CFI) ¼ 0.98, root mean square error of approximation (RMSEA) ¼ 0.045, and standard root mean square residual (SRMR) ¼ 0.031. A good model fit indicated the variances and covariances implied by the proposed model replicated well the variance and covariance among the observed variables. The P value of the chi-square model fit test was less than 0.001, likely owing to the large sample size of approximately 13,000.
Next, all relationships in Figure 1 , with the exception of the effect on mortality, were evaluated. Three regression models were fit simultaneously: (1) a logistic regression model of VI on the six demographic variables, (2) a multiple linear regression model of the mental well-being latent variable on six demographic variables and VI status, and (3) a multiple linear regression model of the preventive care latent variable on the same variables as in 2. To improve model fit, paths from race to VI and race to mental well-being were removed because of statistical nonsignificance. The fit indices were CFI 0.918, RMSEA 0.038, and SRMR 0.031, indicating a moderate to good model fit.
Next, the mortality component using Cox Proportional Hazard Regression was added to the model. In this model, VI was hypothesized to directly affect mortality, as well as affect mortality indirectly through mental well-being and preventive care latent variables. All model equations were estimated simultaneously using a pseudo-maximum likelihood estimator 38 with robust standard errors. 39 Regression coefficients from the Cox Proportional Hazard Regression were exponentiated to obtain the hazard ratios (HRs), whereas coefficients from the logistic models were similarly exponentiated to obtain odds ratios. All features of the MEPS complex survey design were accounted for in model estimation.
Indirect effects were calculated by multiplying the two parameters involved in the mediation relationship. For example, the effect of VI on mental well-being was multiplied by the effect of mental well-being on mortality. The new parameter was exponentiated to obtain the hazard ratio for the indirect effect. Total hazard ratio effects were calculated by taking the exponentiation of the summed direct and indirect coefficients. Standard errors for both indirect and total effects were obtained using the delta method. 40 
RESULTS
We analyzed the model depicted in Figure 1 and found the preventive care latent variable was not significant in predicting all-cause and cause-specific mortality, nor was it significantly associated with VI. To provide the most parsimonious model, the preventive care practice latent variable was excluded in the final model, as shown in Figure 2 . Table 1 shows the demographic characteristics of the study population. The study sample of 12,987 adults represented 155 million adults in the noninstitutionalized US population. Mortality linkage with the National Death Index with followup to December 31, 2006 , identified 881 observed deaths in the study sample, of which 325 were cardiovascular disease (CVD)-related deaths and 218 were cancer-related deaths. The average age of this population was 47.0 years. The population included 46.0% men, 83.4% White, 13.6% African American, 3% Other races. The average education was 12.4 years. At the time of interview, 22.2% of participants were smokers, 71.2% had private health insurance, 15.1% had public only insurance, and 13.7% had no health insurance. With respect to VI, 94.3% had ''No VI,'' and 5.7% had VI.
Tables 2 through 5 present the estimates from the final model with mortality outcome depicted in Figure 2 . Table 2 displays odds ratio estimates from the logistic regression of VI on demographic variables where VI was a two-category variable of ''No VI'' versus ''Any VI.'' Table 3 shows the multiple linear regression results for the latent variable mental well-being. VI was associated with decreased mental wellbeing. A change of VI status from no VI to any VI, was associated with 0.54 SD decrease in mental well-being status (b ¼ -0.54, P < 0.001). Those with public only insurance and uninsured were 0.58 SD and 0.18 SD, respectively lower in mental well-being status compared with those with private insurance (both P < 0.001). Women (b ¼ -0.23, P < 0.001) and smokers (b ¼ -0.28, P < 0.001) had worse mental wellbeing compared with men and nonsmokers. With each additional year of education there was a 0.03-SD unit increase in mental well-being status (P < 0.001). Table 4 provides the Cox proportional hazard model regression results of the effect of all model variables on allcause mortality. Visual impairment was significant in predicting mortality (HR ¼ 1.25; 95% confidence interval: [1.01, 1.55], P ¼ 0.039). The mental well-being latent variable also had a significant effect on the mortality hazard. A 1 SD increase in the mental well-being latent variable decreased the hazard of death by a factor of 0.68 (P < 0.001). As expected, age predicted mortality; a 1-year increase in age increased the hazard of death by a factor of 1.09 (P < 0.001). Females had decreased mortality hazard compared with males (HR ¼ 0.59, P < 0.001). Blacks compared with Whites had increased mortality hazard (HR ¼ 1.45, P < 0.001), as did smokers relative to nonsmokers (HR ¼ 1.61, P < 0.001).
Because of its association with both VI and all-cause mortality, mental well-being served as a mediator between the relationship of VI and mortality. The path from VI to mental well-being, the presumed mediator, was significant (b ¼ -0.54, P < 0.001). Second, the path from mental well-being to mortality, the outcome, was also significant (HR ¼ 0.68, P < 0.001). The direct effect of VI on mortality remained significant after including mental well-being in the regression (HR ¼ 1.25, P ¼ 0.039). Therefore, the mediation effect of mental wellbeing on VI and all-cause mortality was a partial mediation effect. 41 The indirect effect of VI on all-cause mortality through mental well-being was HR ¼ 1.23 [1.16, 1.30] ( Table 6 ). The total effect of VI on all-cause mortality, which combines the direct effect and the indirect effect through mental well-being was 1.53 [1.24, 1.90]. Table 5 presents the HRs of cause-specific mortality. VI was significant in predicting CVD-related mortality (HR ¼ 1.47 [1.08, 2.01], P ¼ 0.015). The mental well-being latent variable was also significant in predicting CVD-related mortality (HR ¼ 0.69 [0.61, 0.77], P < 0.001). Because VI was also significantly associated with the mental well-being latent variable (b ¼ -0.54, P < 0.001), VI affected CVD-related mortality not only directly, but also indirectly through the effect on mental wellbeing. The total effect of VI on CVD-related mortality was HR ¼ 1.80 [1.33, 2.44] (Table 6 ). This pattern of association was similar to the relationship between VI and all-cause mortality, except that it was slightly stronger.
As shown in Table 5 , VI was not significant in directly predicting cancer-related mortality (HR ¼ 1.11 [0.70, 1.78], P ¼ 0.65). Even though the indirect effect of VI on cancer mortality through mental well-being was significant (1.16 [1.05, 1.27]), the total effect of VI on cancer-related mortality was not significant (HR ¼ 1.29 [0.83, 2.00]) (Table 6 ).
DISCUSSION
Our results indicate mental well-being is a significant mechanism by which VI affects the risk of mortality. Although VI increased the risk of mortality directly after adjusting for mental well-being and other covariates, mental well-being serves as an important indirect pathway from VI to increased mortality risk. In contrast, our results also indicate VI does not have a significant effect on preventive care practice and preventive care practice is not a significant predictor of mortality.
Our study confirms that persons with VI have reduced mental well-being and that mental well-being is a strong predictor of mortality. Using 11 variables to capture emotional well-being from the population-based 2004 SHARE, MonjonAzzi and associates found a significant relationship between lower vision and well-being. 24 In a systematic review of 29 quantitative studies between 2001 and 2008, Nyman and coworkers 42 noted working-age adults with VI were significantly more likely to report lower levels of mental health, social functioning, and quality of life. With respect to wellbeing and mortality, Chida and Steptoe 23 performed metaanalysis of 35 studies in initial healthy populations and 35 studies of disease populations and documented positive psychological well-being has a favorable effect on survival in both healthy and diseased populations.
Using latent variables in SEM, we measured the association between VI and reduced mental well-being status. A change of VI status from no impairment to any impairment was associated with more than a half SD decrease in mental wellbeing. In comparison with other sociodemographic variables, VI had the strongest effect in lowering mental well-being. The effect of VI on mental well-being was stronger than sex, 1-year increase in age, 1-year increase in education, smoking status, or having health insurance.
Similar patterns of association were found when we repeated our analyses using CVD-related mortality as the outcome. VI not only directly increased the risk of CVD-related mortality, it also indirectly increased the risk of mortality through its effect on mental well-being. Furthermore, these associations were slightly stronger in comparisons to results for overall survival; however, the direct and total effect of VI on cancer-related mortality was not significant. These CVD and cancer mortality findings were consistent with previous research. For example, Lee and associates 9 found VI increased the risk of CVD-related mortality but not cancer-related mortality in a large population-based NHIS study. In the Beaver Dam Eye Study, Knutson and colleagues 12 concluded increased diabetic retinopathy severity was associated with heart disease mortality, and increased nuclear sclerosis severity was associated with stroke mortality; however, there was no significant association between ocular conditions including VI and cancer mortality.
Although the total effects of VI on cancer mortality risk was nonsignificant, there was a significant but relatively small indirect effect on cancer mortality through VI's effect on mental well-being (HR ¼ 1.16 [1.05, 1.27], P < 0.05). Lower mental well-being is associated with increased risk of cancer mortality, although most studies focused on all-cause mortality and did not report cancer-specific findings. 23 A recent Danish cohort study reported that a global quality-of-life question predicted the One potential mechanism by which VI may indirectly affect cancer mortality is through the influence of low mental wellbeing on cancer screening behaviors. Higher levels of depressive symptomatology were found to be associated with reduced rates of breast cancer screening behaviors in women. [44] [45] [46] [47] On the other hand, similar associations were not found between cervical cancer screening and depressive symptoms, 45 nor was a direct association found for colorectal cancer in women and men. 48 When the analysis was performed by restricting to those participants with ''No VI'' and ''Some VI'' by excluding the blind participants, the direct effect of VI on all-cause mortality had the same directionality and was weakened; HR decreased from HR ¼ [1.11, 1 .74], P < 0.05. When the analysis was performed by restricting to those participants with ''No VI'' and ''Some VI'' for the CVD mortality analysis, a similar pattern of changes was obtained. These findings indicate a consistent relationship between VI and mortality through mental well-being.
In each of our overall and cause-specific mortality analyses, we found at least some evidence of an indirect effect of VI through its influence on mental well-being. These findings reinforce the notion that the adverse effects of VI on psychological health indicators is a phenomenon that is partially ''hidden'' from view and should therefore receive greater attention by both clinicians and the research community at large. For example, strategies for the enhancement of well-being and overall quality of life among those living with VI should be further developed. In addition, clinicians treating the visually impaired should be aware that rapid depression screening tools are available to identify subpopulations that may benefit from appropriate follow-up care from mental health professionals. [49] [50] [51] Our results also indicate VI does not have a significant effect on preventive care practice and preventive care practice is not a significant predictor of mortality. Persons with VI may have more barriers in seeking preventive care. 52 Conversely, persons with VI may be more likely to come into contact with the health care system, either because of medical comorbidities or because of ongoing ocular care. 53, 54 To further study the relationship among preventive care, VI, and mortality, we repeated the analysis replacing preventive care latent variable with just a single preventive care practice indicator: flu shot status. We selected this indicator because the results from a previous report suggested it could lower mortality risk. 55 In our multivariable model, however, the direct pathway from flu shot to mortality did not reach statistical significance (HR ¼ 0.97 [0.93, 1.01], P ¼ 0.15). Therefore, our findings suggest the effect of VI on mortality is not via the pathway of affecting preventive care, although this conclusion is somewhat tempered by the rather limited number of preventive care indicators available in the MEPS dataset.
Although there is no established methodology of assessing mental well-being, the five quantitative mental well-being indicators used in this study are consistent with those of Monjon-Azzi and associates 24 and measure overall psychological well-being. Rather than studying each indicator individually, we used a latent variable in the SEM setting to create a more comprehensive composite measure of mental well-being. The advantages of using latent variables within SEM to model mental well-being allow the estimation of mental well-being free of random measurement error. To our knowledge, our group is the first to use such a latent variable to assess the effect of mental well-being on the relationship between VI and mortality. Moreover, SEM allows the assessment of multiple pathways simultaneously.
Limitations of our study include the fact that all variable information was based on participant self-report and was therefore subject to misclassification. For example, selfreported questions like those for VI could be context-specific or influenced by culture, and therefore may be subject to differing interpretations across the diverse sample of adult participants of the NHIS. To our knowledge, the specific VI questions in the MEPS have not been validated, although validations of similar questions have been reported in the literature. For example, concordance of Snellen distance acuity results with the question ''Are you able to recognize a face from a distance of 4 meters'' was reported to be 79% in one clinic-based study. 56 The MEPS distance acuity question was very similar in its structure: ''(With glasses or contacts) can you see well enough to recognize familiar people if they are 2 or 3 feet away?'' In the Rand Health Insurance Study, the sensitivity and specificity for the question, ''Without glasses, can you recognize a friend across the street'' were 90% and 78%, respectively, when using 20/100 or worse distance visual acuity in the better seeing eye as the criterion. 57 The Rand question, ''Without glasses can you read ordinary newsprint?'' had a sensitivity of 87% and a specificity of 91% when using 20/ 100 near visual acuity as the criterion. This question was similar to the one used in the MEPS: ''(With glasses or contacts), can you see well enough to read ordinary newspaper print, even if you cannot read.'' Sensitivities for both RAND items were lower when cut points were reduced to include mild levels of near and distance impairment (e.g., for 20/40 or worse: distance sensitivity 58%, near sensitivity 59%). The use of visual acuity as a ''gold-standard'' criterion to evaluate self-reported visual impairment is subject to its own limitations, however, given that other visual system components can affect visual functioning. For example, contrast sensitivity, stereoacuity, and visual acuity are independently associated with self-reported near and far VIs in communityresiding populations. 58 Information such as history of ocular diseases such as cataract and retinopathy and the causes of visual impairment were not available in MEPS. Furthermore, as indicated previously, the number of assessed preventive care practices was somewhat limited in the MEPS. The preventive care indicators used may not be sensitive enough to reflect the health behavior effect on mortality, and we may have failed to capture with our latent variable other preventive care practices that may be related to both VI and mortality. For example, preventive services targeting the reduction in CVD (e.g., aspirin prophylaxis, pharmaceutical treatment of hypertension, and hyperlipidemia) have been shown to reduce all-cause mortality, although these reductions are somewhat modest (relative risk range, 0.84-0.93). 55 In summary, our study shows that VI not only directly increases the risk of mortality but also indirectly increases mortality risk through its adverse impact on mental well-being. Mental well-being represents an important pathway through which VI affects the risk of mortality. Ignoring this indirect effect may lead to an underestimation of the impact of VI on mortality. The persistent increased mortality risk among the visually impaired documented across epidemiologic studies is unlikely to be a result of the impact of VI on preventive care practices. Our study underscores the importance of improving mental well-being of those with VI, which will improve the quality of life and potentially reduce the risk of mortality.
